Background Data: In cases of axillary nerve injury, surgical reconstruction is indicated when no spontaneous recovery is noted after three to six months. Surgical repair has been carried out by neurolysis, a nerve graft or nerve transfer. Purpose: The aim of this study was to report our results with reconstruction of the axillary nerve by transferring the branch of the triceps lower medial head to the anterior division of the axillary nerve. Study Design: A descriptive analytic cross section retrospective study.
Introduction
A nerve transfer is a surgical technique that may be used when a patient has a nerve injury resulting in complete loss of muscle function or sensation. Nerve transfers involve taking nerves with less important roles and transferring them to restore function in a more crucial nerve that has been severely damaged. The surgeon will use functioning nerves that are close to the target muscle or sensory area. 20 In cases of axillary nerve injury, surgical reconstruction is indicated when no spontaneous recovery is noted after three to six months. 20 Surgical repair has been carried out by neurolysis, a nerve graft or nerve transfer. 7 Nerve transfer includes diverting the nerve of the long head of the triceps to the anterior branch of the axillary nerve through a posterior approach. 5, 17, 21 The branch of the long head is short, and occasionally it is necessary to perform substantial proximal dissection (including dividing the teres major) to reach the distal stump of the axillary nerve. 17 The branch of the triceps medial head and anconeus is longer, which facilitates its connection to the axillary nerve. 6 The aim of this study was to evaluate the results of deltoid function after axillary nerve reconstruction by transfer the radial nerve branch from the triceps medial head to the anterior division of the axillary nerve. Seven consecutive patients with loss of shoulder abduction secondary to axillary nerve palsy or brachial plexus injury were included and analyzed.
Patients and Methods
A total of seven consecutive patients (6 male and 1 female) with loss of shoulder abduction secondary to axillary nerve or brachial plexus injury were surgically treated at Suez Canal University Hospital in the Neurosurgery Department between June 2011 and January 2015. The mean patient age was 26 years (range 17 to 37 years).
All patients had complete injury of the axillary nerve either isolated or as part of brachial plexus injury. All patients underwent surgical reconstruction by transfer the radial nerve branch from the triceps medial head to the anterior division of the axillary nerve. If shoulder dislocation was associated with the injury, reduction and stabilization was performed before nerve transfer.
None of these patients had passive limitations affecting the shoulder. In all patients, preoperative electromyograms indicated a complete axillary nerve lesion with paralysis of all portions of the deltoid. Three months after the patients' injuries, and in the absence of either clinical or electrophysiological recovery of deltoid function, was the indication of nerve transfer.
Surgical Procedure:
We made a 15-cm incision over the posterior arm, beginning at the lateral border of the scapula and running along the posterior margin of the deltoid and the lateral border of the long head of the triceps. (Figure 1a ) We identified the upper lateral brachial cutaneous nerve piercing the deep fascia. We incised the fascia over the triceps long head and followed the cutaneous branch proximally to the axillary nerve. We identified the anterior division of the axillary nerve and then separated the triceps long and lateral heads for radial nerve identification. Running on top of the radial nerve and parallel to it, we identified the motor branch to the lower medial head and anconeus. (Figure 1b ) Upon electrical stimulation, visible contraction of the anconeus confirmed nerve identity. We dissected the nerve to the lower triceps medial head and anconeus distally, sectioned it, and flipped it 180˚ to coaptate it to the anterior division of the axillary nerve. Microscopic repair was then performed. (Figure 1c ) Postoperative Care: After surgery, the patients used a sling for ten days, and then were allowed full motion. We saw patients ten and thirty days after surgery, then every three months for a year, and then every six months. The patients received regular physiotherapy, and we strongly recommended exercises such as swimming and weight training.
Preoperative Measurements:
We measured range of shoulder abduction and external rotation using a goniometer. We measured external rotation in the standing position with the elbow flexed and alongside the body. We evaluated elbow extension strength by manual muscle testing. For endurance evaluation, patients were asked to abduct both arms fully and maintain them in this position for as long as they could. This was timed using a stopwatch, and when the affected limb dropped, the patient was instructed to maintain the normal side in the fully abducted position for as long as possible, while still being timed.
For evaluation of deltoid extension lag, we passively extended both shoulders and elbows maximally and asked each patient to hold them in that position. Any incapacity to maintain this position was documented.
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For the abduction-in-internal-rotation test, the examiner placed the patient's shoulder internally rotated in maximum abduction with the elbow flexed, after which the patient was requested to maintain this position; incapacity to maintain this position again was Documented.
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Postoperative Measurements: After surgery, we measured abduction strength with the shoulder abducted to 30˚ and 90˚. We measured abduction in internal rotation strength with the shoulder at 90˚ abduction and the elbow flexed to 90˚. We ascertained deltoid bulk recovery by visual inspection with the shoulder abducted and internally rotated. We categorized deltoid bulk as normal, decreased but more than half, or less than half the bulk of the contralateral normal side. We asked patients whether they had shoulder pain (none, moderate, or severe) while raising the limb. We also asked whether they had returned to work, and whether they were satisfied (not satisfied, satisfied, or very satisfied) with the surgical outcome.
Results
A total of seven consecutive patients (six males and one female) with loss of shoulder abduction secondary to axillary nerve palsy or brachial plexus injury were surgically treated in Suez Canal University Hospital in the Neurosurgery Department between June 2011 and January 2015. The mean patient age was 26 years (Range 17-37 years). Patient characteristics and clinical findings are presented in table 1. The mean interval between the accident and surgery was 5.4±1.6 months.
Patient Reports:
All seven patients had sought medical help because of shoulder pain and fatigability while raising the affected limb. Lost motion was a major problem for two patients. Deltoid wasting (aesthetics) was a major problem for five patients and a moderate problem for the remaining two patients. Twelve months after surgery, no patients reported pain while raising the limb. Preoperatively, all reported fatigability with the shoulder fully abducted. These problems were absent at final evaluation. At final follow-up, five patients had recovered deltoid bulk to near normal. The two patients who had recovered less than normal bulk were satisfied with the appearance nonetheless. All seven patients had returned to their former occupation, and all were satisfied with their surgical outcome. Abduction Strength: All deltoid muscles scored M4 at 30˚ and 90˚ of abduction at 12 months and at final evaluation. At final evaluation, in abduction and internal rotation, five patients scored M4 and two scored M3 Endurance: Endurance improved significantly from 64±49.0 seconds preoperatively to 152±87.0 seconds at final evaluation (P=0.02). Endurance recovery averaged 64±18.0% that of the normal contralateral side.
Active Abduction and External Rotation Range of Motion:
Preoperatively, There was a significant decrease in the range of abduction in the affected side (P=0.03). However, all patients could raise the affected limbs above horizontal, and three patients had abnormal range of abduction. Twelve months after surgery, the range of abduction increased significantly (P=0.03). All three patients with incomplete range of abduction recovered values equal to the normal side. At last evaluation, abduction and external rotation range of motion remained unchanged without statistical differences between normal and affected sides (P=0.03) Elbow Extension Strength (Donor Site Strength): One month after the nerve transfer, there were no reports of weakness. Elbow strength scored M4 in all patients.
All patients recovered deltoid function and maintained full active elbow extension. Abduction strength improved from approximately 40% that of the normal side at 90˚ of abduction preoperatively to 60% of normal strength postoperatively. There was improved endurance in abduction from approximately 25% to 65% that of the normal side, which was sufficient to eliminate all reports of shoulder pain or fatigability. 
Discussion
We found that the strength, endurance, and volume of the deltoid consistently improved after surgery, sufficiently to eliminate all reports of shoulder pain or fatigability and to earn high satisfaction with outcome ratings from all patients.
Colbert and Mackinnon 8 proposed using the triceps medial head branch for axillary nerve reconstruction in brachial plexus injuries. From their description, it was not clear whether the donor nerve involved the anconeus branch.
The triceps medial head is innervated by two branches. One branch supplies the upper portion, which together with the triceps long head motor branch can be dissected either from a posterior arm approach or from the axilla; this branch follows the ulnar nerve. The other branch supplies the lower portion of the triceps medial head and the anconeus. 6 In proximity of the teres major tendon, the branches to the lateral and long heads emerge from the lateral and medial side of the radial nerve, respectively, whereas the branch to the triceps lower head and anconeus emerge posteriorly. A B
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Viewed from a posterior approach, the course of the lateral and long head motor branches is short and oblique to the radial nerve (Figure 1) , whereas the branch to the triceps lower medial head and anconeus passes over the radial nerve and then medially and parallel to it. 6 In half of dissections, the posterior cutaneous nerve of the forearm emerges from the radial nerve together with the branch to the triceps medial head and anconeus branch. 5, 6 The average length of the triceps long head motor branch is 3 cm, whereas that of the triceps medial head and anconeus muscle is 9 cm. The diameter, which generally is roughly 2 mm, is similar for the triceps long and lower medial head and anconeus motor branch. 6 The number of myelinated fibers in the branch to the triceps long head is approximately 1, 200, 10 whereas that to the triceps lower medial head and anconeus has not been reported.
In high brachial plexus injuries, where the deltoid is paralyzed but the axillary nerve is anatomically preserved, we prefer to perform reinnervation using the triceps long and/or the upper medial head motor branch dissected via the axilla. This exposure allows for concomitant repair of the musculocutaneous nerve.
2 In isolated axillary nerve injuries, the axillary nerve might be injured at the level of the quadrilateral space, and a healthy distal stump be found only through a posterior arm approach.
Leechavengvongs et al, 16 regularly divided the teres major tendon to enhance exposure of the nerve branch to the long head branch because it is short. Division of the teres major tendon has risks and adds only 1 or 2 cm to the length of the triceps long head motor branch. In brachial plexus injuries, this maneuver may not be necessary because the axillary nerve is not directly involved and can be dissected proximally to include the teres minor branch and thereby extend the length of the recipient nerve stump. 3 However, in isolated axillary nerve lesions, the axillary nerve may be damaged as far distally as its entrance into the deltoid. Extra length of the donor nerve for transfer may be needed. The radial nerve branch to the triceps lower medial head and anconeus is longer, which readily allows for transfer to the axillary nerve terminal divisions. Concomitant lesions of the triceps long head motor branch and axillary nerve can occur. 18, 19 After intraneural dissection and electrical stimulation, those authors found that the triceps long head motor branch most often arose from the axillary nerve rather than from the radial nerve. This explains why the triceps long head motor branch may be affected in patients with an axillary nerve injury. 1 We did not observe total paralysis of the triceps long head, but could not exclude partial injury to the triceps long head motor branch, which not only explains the decreased elbow extension strength we identified preoperatively but also would make the triceps long head nerve a less suitable donor for transfer. Immediately after harvesting the nerve branch to the triceps lower medial head and the anconeus, we observed a 30% decrease in elbow extension strength. Despite this loss of strength, patients did not report a problem. At final evaluation, elbow extension strength matched the normal side. In a few patients, elbow extension was stronger in the affected versus normal side. We believe that this resulted from prolonged rigorous exercise. 1, 9, 11, [13] [14] [15] Concerning distal connection, reconstruction only of the anterior division of the axillary nerve is preferred. 5, 17, 21 We do not attempt to reinnervate the teres minor or posterior deltoid because adjacent muscles compensate for their lost function. 4, 9 When the distal attachment of the nerve branch supplying the triceps long head included all branches to the deltoid, Teissier el al. observed adequate reinnervation only in the posterior deltoid. 21 We believe that the results of our series support the transfer of the radial nerve branch to the lower triceps medial head and anconeus muscle to the anterior division of the axillary nerve as an effective and reliable method of deltoid reinnervation. The extra length of this motor nerve facilitated direct nerve coaptation.
Conclusion
Transfer of the radial nerve branch for the lower triceps medial head and anconeus to the anterior division of the axillary nerve proved to be an effective method of deltoid reinnervation.
